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0 Apparatus for chemical vapour deposition 



@ Chemical vapour deposition reactions are 
carried out by introducing first and second 
precursors for the material to be deposited into 
a reaction chamber (5) along a plurality of 
separate discrete paths (21,24) where they are 
cooled prior to entry into the reaction chamber. 
The precursors are mixed in the reaction cham- 
ber which contains a heated substrate (4) and 
react to deposit the material on the substrate. 
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This invention relates to chemical vapour depos- 
ition and more particularly, but not exclusively, is con- 
cerned with metalo organic chemical vapour deposi- 
tion (MOCVD). 

MOCVD is a well known technique which is ordi- 
narily used to achieve epitaxial growth of semicon- 
ductor and high temperature superconductor com- 
pounds such as GaAs, GaAIAs, InP and InGaAlP. 
When producing such compounds, appropriate pre- 
cursors are mixed together and heated In the pres- 
ence of a suitable substrate so that the compound is 
formed by reaction of the precursors and is deposited 
on the substrate such that the crystal orientation of 
the deposited layer is the same as that of the sub- 
strate. 

The resultant materials have a wide range of elec- 
tronic and opto-electronic applications Including the 
production of light emitting diodes (LEDs) and laser 
diodes. The wavelength of these devices is deter- 
mined by the band gap of the deposited material 
which is dependent on its composition. Generally, for 
compositions containing Ga, A!, In, P and As, the 
emission is within the spectral range extending from 
green to the mid infra-red. Additionally, there is a re- 
quirement for emission in the blue region of the spec- 
trum but there have been technological difficulties in 
fabricating devices within the group lll-V semiconduc- 
tor field despite the theoretical suitability of gallium 
nitride In particular. Consequently, other material sys- 
tems have been used to manufacture blue devices 
such as SiC and ZnSe. These materials are not very 
efficient and there are process advantages in produc- 
ing all devices from the same basic material system 
regardless of wavelength. 

It is known to provide reactors for MOCVD having 
various geometric configurations. For example, in 
one type of reactor, a horizontal tube is provided hav- 
ing an inlet zone at one end wherein the gaseous pre- 
cursors are mixed and including a reaction chamber 
containing a heated horizontally disposed substrate 
so that the mixed precursors and a carrier gas from 
the inlet zone can pass over the substrate. The pre- 
cursors are decomposed in the reaction chamber and 
deposit epitaxially on to the substrate. In an alterna- 
tive arrangement, the reactor includes a vertical tube 
and the mixture of gaseous precursors is introduced 
in an inlet zone at the top. The gas mixture then pass- 
es down the tube and over a horizontally disposed 
substrate located in a reaction chamber and thence 
to an exhaust port in an outlet zone at the bottom of 
the tube. It is also known to provide multiple wafer de- 
signs wherein the substrate may be rotated to im- 
prove uniformity of thickness and composition of the 
deposited layer. 

Generally the precursors used do not react to- 
gether before the precursor mixture is heated. Thus, 
good mixing of the precursors (which is essential for 
good homogeneity in the deposited layer) can be ach- 



ieved prior to the mixture being heated to form the de- 
sired material. Hence, In such conventional reactors, 
the gaseous precursors are mixed together in a cold 
part of the reactor remotely from the heated substrate 
5 and are then conveyed together along a conduit to the 
heated substrate located in the reaction chamber. 

It has been reported that the growth of good qual- 
ity Ga, In, As and P having uniform thickness and 
composition can be achieved using a water cooled 
10 close coupled injector wherein appropriate gaseous 
precursors containing Ga, In, As and P are mixed to- 
gether and the mixture is then injected into a reaction 
chamber containing the substrate through many hun- 
dreds of holes located very close to the substrate. 

15 However, since this technique involves mixing the 
precursors remotely from the substrate, it is not suit- 
able for the production of gallium nitride and the like 
whose precursors would react prior to reaching the 
substrate which would make it difficult to control the 
20 composition of the deposited material. 

It is an object of the present invention to over- 
come the above disadvantage by separately introduc- 
ing the gaseous precursors into the reaction chamber 
where they are then mixed to form a homogenous 
25 mixture at a location very close to the heated sub- 
strate so that the desired deposition can then take 
place. 

Accordingly, a first aspect of the present inven- 
tion provides a reactor for producing a material from 
30 first and second gaseous precursors by chemical va- 
pour deposition, which reactor comprises; - 

(1) a reaction chamber for accommodating a 
heated substrate upon which said material is to 
be deposited by reaction of said precursors, 

35 (2) a first chamber for the first precursor, 

(3) a second chamber for the second precursor, 

(4) a plurality of first conduits connecting the first 
chamber with the reaction chamber to provide 
discrete paths along which the first precursor can 

40 pass to the reaction chamber, 

(5) a plurality of second conduits connecting the 
second chamber with the reaction chamber to 
provide discrete paths along which the second 
precursor can pass to the reaction chamber 

45 whereby contact between said first and second 

precursors does not occur until the precursors 
enter the reaction chamber, and 

(6) a means for cooling said first and second con- 
duits. 

50 According to a second aspect of the present in- 

vention there is provided a method of producing a ma- 
terial by reaction of first and second gaseous precur- 
sors by chemical vapour deposition which method 
comprises cxjoling said first and second precursors, 
55 passing said cooled precursors separately along a 
plurality of discrete paths, and injecting said precur- 
sors into a reaction chamber containing a heated sub- 
strate upon which said material is to be deposited so 
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that mixing of said precursors occurs in said reaction 
chamber in the presence of said substrate to form a 
deposit of said material on said substrate. 

One or both of the first and second precursors 
may be in the form of a single precursor or in the form 5 
of a mixture of substances which is chemically stable. 

By providing a large number of paths whereby the 
precursors enter the reaction chamber, a homoge- 
nous mixture of the first and second precursors can 
be readily formed in the reaction chamber in close io 
proximity to the substrate. 

In. a particularly preferred embodiment, the con- 
duits of the first chamber pass through the second 
chamber in which case it is convenient for the first and 
second chambers to share a common dividing wall. 

In a further preferred embodiment, the reactor in- 
cludes an additional chamber for additional gas and 
a plurality of third conduits is provided between the 
third chamber and the reaction chamber to provide 
discrete paths along which the additional gas can 
pass to the reaction chamber. By interspersing the 
outlets of the third conduits between the outlets of 
the first and second conduits the respective outlets 
of the first, second and third conduits can be distrib- 
uted uniformly across the reaction chamber and the 
gas emanating from the outlets of the third conduits 
separates the first and second precursors emanating 
from the outlets of the first and second conduits for 
a period of time and thereby defers the mixing of the 
first and second precursors until they are nearer the 
surface of the heated substrate on which the material 
is to be deposited. 

If desired, the reaction chamber may be such as 
to accommodate more than one substrate. 

Fora better understanding of the invention and to 
show how the same may be carried into effect, refer- 
ence will now be made, by way of example, to the ac- 
companying schematic drawings in which:- 

Flgure 1 is a plan view of a MOCVD reactor in ac- 
cordance with a first embodiment of the present 
invention. 

Figure 2 is a section through the reactor of Figure 
1 along the line B-B, 

Figure 3 shows, on a larger scale, the part bound- 
ed by chain-dotted line X in Figure 2, 

Figure 4 is a section through the reactor of Figure 
1 along the line C-C, 

Figure 5 is an underneath view of the reactor of 
Figure 1 in the direction indicated by arrow A, 

Figure 6 is a plan view of a reactor in accordance 
with a second embodiment of the present inven- 
tion, . 

Figure 7 is a section through the reactor of Figure 
6 along line B-B, 

Figure 8 is a section through the reactor of Figure 55 
6 along line C-C, 

Figure 9 shows, on a larger scale, the part bound- 
ed by chain-dotted line Y in Figure 8. 



Figure 10 is an underneath view of the reactor of 
Figure 6 in the direction of arrow A, 

Figure 11 is a schematic vertical section through 
the upper partof a MOCVD reactor in accordance 
with a third embodiment of the present invention, 
and 

Figure 12 is a schematic vertical section through 
the lower part of the reactor of Figure 11. 
Referring now to Figures 1 to 5, the reactor com- 
prises a generally vertical tube having cylindrical 
walls 1 typically formed of quartz. Located centrally 
within the tube is a susceptor (or thermal absorber) 2 
mounted on a susceptor support 3. The susceptor 2 
terminates in a horizontal surface upon which a sub- 
strate 4 (in the form of one or more wafers) is placed 
so that It can be heated by contact with the susceptor 
to a temperature above that at which the precursors 
decompose and react. The heating of the susceptor 
may be by, for example, Induction heating, radiation 
heating or resistance heating as desired. The upper 
end of the reactor is closed by a closure assembly 
through which process and carrier gases may be in- 
troduced into the reactor chamber 5 located between 
the closure assembly and the horizontal surface of 
the susceptor where the MOCVD process takes 
place. The process and carrier gases are exhausted 
from the reactor chamber 5, typically at a reduced 
pressure, via a gap between a generally cylindrical 
liner 6 In the reactor and the susceptor support 3 and 
a means may be provided (not shown) to introduce a 
small flow of purging gas such as inert gas or hydro- 
gen between the liner 6 and the reactor wails 1 and 
thence into the reactor chamber 5 for subsequent ex- 
haustion between the liner 6 and the susceptor sup- 
port 3. The purpose of the purge flow is to maintain 
the reactor chamber 5 in a clean condition and the 
liner 6 is suitably profiled so that the exhaust gases 
are symmetrically removed from the reactor chamber 
5. 

The susceptor support 3 may include a means 
(not shown) of measuring the substrate temperature. 
If. however, the support is formed from quartz, the 
temperature may be measured optically. Also, if de- 
sired, the susceptor support 3 may be rotatable about 
the longitudinal axis of the tubular reactor so that the 
substrate is rotated during the MOCVD process. In 
this way, the uniformity of thickness and the uniform- 
ity of composition of the material deposited on the 
substrate can be improved. 

The closure assembly incorporates a means of 
introducing the carrier and precursor gases into the 
reactor chamber 5 whilst maintaining the gas integrity 
of the chamber. Thus, the closure assembly includes 
a top closure plate 7, an injector assembly 8, and a 
clamping ring 9. A seat 10, e.g. an O-ring seal, is pro- 
vided between the injector assembly 8 and the outer 
surface of the reactor wall 1 , a seal 11 , e.g. an O-ring 
seal, is provided between the injector assembly 8 and 
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the free end of the reactor wall 1, and a sea! 12, e.g. 
an O-ring sea!, is provided between the top closure 
plate 7 and the injector assembly 8. These seals are 
maintained in compression by a plurality of bolts 13, 

The injector assembly 8 includes a tubular por- 5 
tion having cylindrical walls 14 and located co-axially 
with respect to reactor walls 1 . Three plates which are 
preferably essentially circular, as shown, are sealed 
across the tubular portion 14 in spaced parallel rela- 
tionship. The first (upper) plate 15 defines, with the io 
top closure plate 7, a first chamber 16. The second 
(centre) plate 1 7 defines, with the first plate 15a sec- 
ond chamber 18. Thus the first plate 15 provides a 
common dividing wall between the first chamber 16 
and the second chamber 18. The third (lower) plate 19 
forms, with the centre plate 1 7, a coolant chamber 20. 

The distance between the lower surface of plate 19 
and the upper surface of the substrate 4 on the sus- 
ceptor may be, for example, from 0.5 cm to 10 cm as 
desired. 

A plurality of first conduits 21 is provided be- 
tween the first chamber 16 and the reaction chamber 
5. They have inlets 22 located in the first chamber 16 
and pass through chambers 18 and 20 without com- 
municating therewith. They are bonded to the plates 
15. 17 and 19 by, for example, vacuum brazing. The 
conduits terminate in outlets 23 in the form of injector 
nozzles in the reaction chamber 5 and provide a plur- 
ality of discrete paths from the first chamber 1 6 to the 
reaction chamber 5. 

A plurality of second conduits 24 is provided each 
having an inlet 25 in the second chamber 18 and an 
outlet 26 in the form of an injector nozzle in the reac- 
tion chamber 5. These conduits pass through the 
coolant chamber 20 without communicating with it 
and are bonded to the plates 17 and 19, by for exam- 
ple vacuum brazing. The outlets 23 and 26 of the first 
and second conduits 21 and 24 are uniformly distrib- 
uted over the surface of the third plate 1 9 so that each 
outlet 23 is surrounded by several outlets 26 and vice 
versa. 

The injector assembly 8 includes (i) a first inlet 27 
which is in communication with a gallery 28 in the in- 
jector assembly 8 which in turn communicates with 
the first chamber 16 (see Fig. 2) and (ii) a second inlet 
29 which communicates with a gallery 30 In the injec- 
tor assembly 8 which in turn communicates with the 
second chamber 18 (see Fig. 4). The first inlet 27 is 
for a first precursor (e.g. ammonia) and carrier gas 
and the second inlet 29 is for a second precursor (e.g. 
trimethyl or triethyl gallium) and carrier gas. 

The injector assembly 8 includes third and fourth 
inlets 31 and 32 for the introduction of coolant (e.g. 
water) into the assembly. The inlets 31 and 32 are in 
communication with galleries 33 and 34 respectively 
which in turn communicate with the coolant chamber 
20. The injector assembly 8 also includes coolant out- 
lets 35 and 36 which are similarly linked by galleries 



in the injector assembly 8 to the coolant chamber 20 
whereby the coolant can be continuously passed 
through the injector assembly. The coolant passing 
through the coolant chamber 20 contacts the outer 
surfaces of the conduits 21 and 24 passing through 
the chamber 20 and thereby cools the gases passing 
through the conduits. 

In use, the first precursor is injected into the re- 
action chamber 5 via inlet 27, first chamber 16 and 
first conduits 21 and the second precursor is injected 
into the reaction chamber 5 through inlet 29, second 
chamber 18 and second conduits 24. Thus the pre- 
cursors are separate and cool until they enter the re- 
action chamber 5. By suitably distributing the conduit 
outlets over the bottom plate 19 the contact between 
the precursors can be minimised until they are close 
to the surface of the heated substrate 4. There they 
are rapidly mixed togetherto form a homogenous mix- 
ture because of the presence of the large number of 
injection points. This mixture is then presented to the 
heated substrate where the chemical vapour deposi- 
tion reaction takes place. In the example, given, a uni- 
form layer of gallium nitride is thus deposited on the 
surface of the substrate 4. 

Referring now to Figures 6 to 10, parts corre- 
sponding to parts of Figures 1 to 5 are denoted by like 
reference numerals. 

In this case, the injector assembly 8 includes a 
further disc like plate 37 sealed across the tubular 
portion 14 so as to produce a third gas chamber 38 
in the injector assembly. A plurality of third conduits 
39 is provided having inlets 40 communicating with 
the third gas chamber 38 and outlets 41 in the form 
of nozzles communicating with the reaction chamber 
5. As in the case of the first and second conduits, the 
third conduits 39 are bonded to the plates through 
which they pass by, for example, vacuum brazing. 
Also, they do not communicate with chambers 16, 18 
and 20. The injector assembly 8 includes a further in- 
let 42 communicating with a gallery 43 which in turn 
communicates with the chamber 38 whereby hydro- 
gen or other suitable gas may be introduced into 
chamber 38. This gas then passes along the third 
conduits 39 and into the reaction chamber 5 without 
contact with the precursors until all three gases enter 
the reaction chamber 5. The location of the outlets 41 
of the third conduits is such that the hydrogen eman- 
ating therefrom separates the precursor gas streams 
so that they do not contact one another at the injector 
nozzles 23 and 26. In this way, the possibility of sur- 
face enhanced reactions is reduced. 

Referring now to Figures 11 and 12, parts corre- 
sponding to parts of Figures 1 to 10 are denoted by 
like reference numerals. 

In this embodiment, the reactor comprises a gen- 
erally vertical tube having cylindrical walls 1 formed 
of stainless steel provided with a quartz liner 6 suit- 
ably shaped to provide a uniform exhaust restriction 
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54. The walls 6 include water cooling chambers 50 
linked to a water inlet and a water outlet whereby cool- 
ing water may be passed through the reactor walls. As 
In the case of the first embodiment, the upper end of . 
the reactor is closed by a closure assembly of the gen- 5 
eral type described in Figures 2 to 5. In this case, the 
closure assembly includes a plurality of optical pyr- 
ometer ports 55 passing through the top closure plate 
7 and through first plate 1 5, second plate 17, and third 
plate 1 9 and into the chamber 5. Each pyrometer port io 
comprises a small diameter quartz rod 56 contained 
within a stainless steel tube 57 and used as an optical 
link to the pyrometer (not shown) for temperature 
measurement. The pyrometer is of a type which uses 
a broad band detector at wavelengths at which the is 
substrate and deposited layers are transparent. In 
this way, interference effects are reduced. By having 
multiple pyrometer ports, temperature uniformity can 
be determined. Each port 55 includes an inlet 58 
whereby a small quantity of hydrogen or inert gas can 
be introduced between the stainless steel tube 57 
and the quartz rod 56 to prevent deposition (from the 
reactive gases used in the process) on the end of the 
quartz rod. 

The closure assembly includes first and second 
inlets 27 and 29, respectively, for introducing first and 
second gaseous precursors into the reaction chanv 
ber 5. First inlet 27 communicates with the first chanr>- 
ber 16 located between cover plate 7 and first plate 
1 5 and linked to the reaction chamber 5 by first con- 
duits 21 . Second inlet 29 communicates with the sec- 
ond chamber 18 located between first plate 15 and 
second plate 17 and linked to the reaction chamber 5 
by second conduits 24. The closure assembly in- 
cludes an Inlet 31 and an outlet 35 to enable water to 
be continuously passed through the injector assem- 
bly 8. 

A substrate 4 in the form of one or more wafers 
is located in the reaction chamber 5 and is mounted 
on a support hearth 61 manufactured from a material 
which is compatible with the reagents being used. For 
example, graphite coated with silicone carbide is a 
typical material which may be used. The hearth 61 
and any separate wafer holders which may be present 
are profiled so as to provide good temperature uni- 
formity. The hearth 61 is mounted on a cylinder 62 at- 
tached to a rotating tube 63 of a double magnetic ro- 
tary seal 64 mounted for rotation on a static base 
plate 65. The support hearth 61, rotating tube 63, 
magnetic rotary seal 64 and base plate 65 effectively 
define an enclosure within which is contained a hea- 
ter 66 manufactured from a refractory material, typi- 
cally graphite. The heater is preferably in the form of 
a pancake induction coil and has a hot top surface to 
heat the support hearth 61 and robust integral termi- 
nals to enable electrical contact to be made at a cool- 
er part of the heater. The heater may include separate 
sections so as to improve the temperature uniformity 



when large hearths are used to process multiple wa- 
fers. The enclosure protects the heater from the re- 
agents being used and radiation shields 67 are pro- 
vided to prevent heating of the magnetic rotary seal 
64. The terminals of the heater 66 are electrically con- 
nected to water cooled electrical conductors 68. The 
enclosure for the heater 66 includes a port (not 
shown) in the base plate 65 whereby it may be purged 
with hydrogen or an inert gas. An exhaust port 69 is 
provided in communication with the reaction chamber 
5 via the restriction 54. The exhaust port 69 may be 
in communication with the atmosphere or be connect- 
ed to a low pressure exhaust system. 

If desired, the apparatus may be inverted so that 
the substrate 4 is facing downwards. 

In use the first and second precursors are inject- 
ed into the reaction chamber 5 via first and second in- 
lets 27 and 29. Thus the precursors are kept separate 
and cool until they enter the reaction chamber 5 and 
approach the surface of the heated wafer(s) where 
they are rapidly mixed together so that the chemical 
vapour deposition reaction takes place at the heated 
surface and a layer of the desired material is depos- 
ited on the surface. 



Claims 

1. A reactor for producing a material from first and 
second gaseous precursors by chemical vapour 
deposition which reactor comprises:- 

(i) a reaction chamber (5) for accommodating 
a heated substrate (4) upon which said mate- 
rial is to be deposited by reaction of said pre- 
cursors, 

(ii) a first chamber (16) for the first precursor, 

(iii) a second chamber (18) for the second pre- 
cursor, 

(iv) a plurality of first conduits (21) connecting 
the first chamber with the reaction chamber to 
provide discrete paths along which the first 
precursor can pass to the reaction chamber, 

(v) a plurality of second conduits (24) con- 
necting the second chamber with the reaction 
chamber to provide discrete paths along 
which the second precursor can pass to the 
reaction chamber whereby contact between 
said first and second precursors does not oc- 
cur until the precursors enter the reaction 
chamber, and 

(vl) a means (31, 32, 33, 34, 35, 36) for cooling 
said first and second conduits. 

2. A reactor as claimed in claim 1 wherein the first 
conduits pass through the second chamber. 

3. A reactor as claimed in claim 1 or 2 wherein the 
first and second chambers share a common div- 
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iding wall. 



4. A reactor as claimed in claim 1, 2 or 3 which in- 
cludes an additional chamber (38) for additional 

gas and a plurality of third conduits (39) Is provid- 5 
ed between the third chamber and the reaction 
chamber to provide discrete paths along which 
the additional gas can pass to the reaction cham- 
ber. 

10 

5. A method of producing a material by reaction of 
first and second gaseous precursors by chemical 
vapour deposition which method comprises:- 

(i) passing cooled first and second precursors 
separately along a plurality of discrete paths, is 
and 

(ii) injecting said precursors into a reaction 
chamber containing a heated substrate upon 
which said material is to be deposited so that 
mixing of said precursors occurs in said reac- 20 
tion chamber in the presence of said sub- 
strate to form a deposit of said material on 

said substrate. 

6. A method in accordance with claim 5 wherein the 25 
precursors are such that the material produced is 
gallium nitride. 

7. A method according to claim 6 wherein the first 
precursor is ammonia and a carrier gas and the 30 
second precursor is trimethyl gallium or triethyl 
gallium and a carrier gas. 

8. A method according to any one of claims 5 to 7 
wherein additional gas Is passed along a plurality 35 
of discrete paths and into the reaction chamber. 



9. A method according to claim 8 wherein the addi- 
tional gas is hydrogen. 
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